ABSTRACT Objective: To evaluate the surface of glazed lithium disilicate dental ceramics after irradiation under different irradiation settings of Nd:YAG and Er:YAG lasers using a scanning electron microscope (SEM). Materials and Methods: Three glazed-press lithium disilicate ceramic discs were treated with HF, Er:YAG, and Nd:YAG, respectively. The laser-setting variables tested were laser mode, repetition rate (Hz), power (W), time of exposure (seconds), and laser energy (mJ). Sixteen different variable settings were tested for each laser type, and all the samples were analyzed by SEM at 5003 and 10003 magnification. Results: Surface analysis of the HF-treated sample showed a typical surface texture with a homogenously rough pattern and exposed ceramic crystals. Er:YAG showed no effect on the surface under any irradiation setting. The surface of Nd:YAG-irradiated samples showed cracking, melting, and resolidifying of the ceramic glaze. These changes became more pronounced as the power increased. At the highest power setting (2.25 W), craters on the surface with large areas of melted or resolidified glaze surrounded by globules were visible. However, there was little to no exposure of ceramic crystals or visible regular surface roughening. Conclusions: Neither Er:YAG nor Nd:YAG dental lasers exhibited adequate surface modification for bonding of orthodontic brackets on glazed lithium disilicate ceramics compared with the control treated with 9.5% HF. (Angle Orthod. 2018;88:75-81.) 
INTRODUCTION
With the increased popularity of esthetic dentistry, the number of adult orthodontic patients in USA and Canada grew by 14% in the period 2010-2012. 1 Orthodontists more frequently encounter patients who have one or more ceramic restorations. Application of 9.5% hydrofluoric acid (HF) for up to 90 seconds can be regarded as a standard technique that provides adequate surface roughening, thus sufficient bond strength for orthodontic bonding. 2, 3 Nevertheless, there are disadvantages such as lengthy etching time and the risk of severe trauma to soft tissues and tooth substance. 4 With advances in technology, the application of lasers in dentistry has increased. Different types of lasers have been used in orthodontics for conditioning enamel before bonding brackets and have shown acceptable results. 5 Results with porcelain surfaces are more controversial. Poosti et al. showed that Nd:YAG laser irradiation was an acceptable substitute for hydrofluoric acid; however, the Er:YAG laser was not. Information about laser parameter settings is limited to a laser power of 0.8 W at 10-seconds' duration. 6 Hosseini et al. used laser power of 1.5 W, 10-Hz frequency, and 100-l pulse duration, also showing acceptable results. They concluded that 0.75 W had little potential to promote mechanical porosity. 7 Akpinar et al. showed shear bond strength levels that were inadequate for clinical application with an Nd:YAG laser at 4 W. 5 All previously reported studies have investigated feldspathic ceramics with little or no data about the effects of Nd:YAG or Er:YAG lasers on lithium disilicate ceramics. Even with the increasing number of these cements compared with feldspathic ceramic prosthetic restorations, the effect of lasers on these types of restorations is still unknown. The aim of this study was to evaluate and compare lithium disilicate ceramic surfaces with different parameters of Nd:YAG and Er:YAG lasers using a scanning electron microscope (SEM) after treatment.
MATERIALS AND METHODS
Three glazed-press lithium disilicate ceramic discs (e.max.Press, Ivoclar Vivadent, Schaan, Lichtenstein) with a diameter of 10 mm and a thickness of 2 mm were produced according to the manufacturer's recommendations.
Sample 1 served as control, treated with 9.5% hydrofluoric acid (porcelain etchant, Bisco Inc, Schaumburg, Ill) for 20 seconds, rinsed under tap water for 20 seconds, and air-dried. On the two remaining samples, a grid was outlined with 16 squares (4 3 4) using a permanent, water-resistant marker pen. The laser-setting variables tested were laser mode, repetition rate (Hz), power (W), length of exposure (seconds), and laser energy (mJ).
Sample 2 was treated with 16 different settings of an Nd:YAG laser (Fotona, Fidelis, Ljubljana, Slovenia) via a sweeping motion at a distance of 4 mm from the surface. The various laser settings are shown in Table  1 . The distance between the tip of the laser handpiece and the porcelain surface was adjusted to 4 mm using a special holder attached to the handpiece. Using the same technique, sample 3 was treated with an Er:YAG laser (Fotona; the settings are presented in Table 2 ). Water cooling was not applied during the laser application.
After surface modifications, the samples were sputter coated with gold for 120 seconds to reduce scanning faults and image artifacts. These were analyzed by a SEM at a magnification of 5003 and 10003 (Vega Tescan TS5136LS, Tescan Orsay, BrnoKohoutovice, Czech Republic).
RESULTS
SEM comparative images are shown in Figures 1 to 5. Figure 1 shows the untreated glazed-lithium disilicate ceramic surface with little or no irregularities. Figure 2 shows the control sample surface-etched with 9.5% hydrofluoric acid. The surface is typical of acidetched lithium disilicate, with a homogenously rough pattern and exposed ceramic crystals. Figure 3 shows the surfaces that the Er:YAG laser irradiated with increasing power and frequency settings and constant irradiation time. No effect is visible on the sample surfaces. The same surface with no effect was visible when Er:YAG was used to treat the surfaces at varying times, pulse settings, and power; however, the frequency was constant. The Nd:YAG irradiated surfaces with varying time and power settings and constant frequency are shown in Figure 4 . The effects became visible as the power and exposure time were increased. The glaze shows fracture formation and melting, with melting and resolidification as the laser power was increased. At the maximum power setting of 2.25 W and 5 seconds' duration, surface craters are visible with large areas of melted and resolidified glaze surrounded by globules ( Figure 5 ). No regular porosity or exposure of ceramic crystals is visible.
DISCUSSION
With patients' increasing esthetic demands, lithium disilicate crowns are emerging as a viable prosthodontic solution for both esthetic and long-term functional problems. 8 It is inevitable that orthodontists will encounter these restorations in clinical situations and need to include such restored teeth in orthodontic therapy. So far, etching with HF and sandblasting have been proposed for ceramic surface preparation, with both limitations and inherent risk. 9 Etching to composite resin has been shown to result in the most effective surface preparation and the highest bond strengths. 10 However, if handled or applied incorrectly in clinical situations, it also carries the highest patient risk due to possible hard or soft tissue damage. It also complicates the orthodontists' workflow with mandatory use of a rubber dam and adequate suction, which can be time consuming and possibly uncomfortable for patients. 11, 12 However, the above-mentioned concerns with HF can be eliminated by using lasers for ceramic surface preparation. Er:YAG dental lasers emit light at k ¼ 2940 nm, and the main interaction is with water molecules within hard or soft dental tissues. Energy transfer and subsequent water evaporation result in tissue ablation with little or no heat transfer to the surrounding tissues. 13 In the current study, no effect on the surface of the lithium disilicate was visible after Er:YAG laser application. This can be explained on the basis that there is no water in dental ceramics, thus resulting in ineffective energy transfer. Also, it appears that there is no interaction with lithium disilicate crystals as there is with hydroxyapatite in bone or dental hard tissue. However, the absorption of Er:YAG laser light in hydroxyl-apatite has a secondary role in ablation, with water content of irradiated structures being the deciding factor. 14 Poosti et al. have stated that Er:YAG-irradiated porcelain was found to be in the lower-than-acceptable range of bracket bond strength for clinical orthodontics, which is consistent with the current findings of no surface effect. 6 Their study was, however, on feldspathic dental ceramics, which have no water content in their structure. Topcuoglu et al. also stated that Er:YAG dental lasers were ineffective in creating an adequate bonding surface for orthodontic brackets to feldspathic ceramics; however, their SEM analyses showed ablation and roughening of the surface. 15 This might be due to the water irrigation they applied during laser irradiation. Meister et al. have shown that the water component of dental enamel does not contribute to the ablation process when using pulsed erbium lasers and that the ablation process is feasible only if water spray is supplied externally. 16 In the current study, water cooling was not applied and that is a possible reason for the discrepancies found in previous studies.
In the recent literature, Er:YAG dental lasers have been proposed for removing lithium disilicate restorations from patients' teeth. 17, 18 This method is based on the passing of laser light through the restoration without interaction and the consequent ablation of water molecules within the adhesive cement layer beneath the restoration. If such interaction were to occur during laser application for surface preparation before bracket bonding, a catastrophic failure of the restoration would occur, resulting in the need to replace the restoration and postponement of orthodontic treatment. It should also be mentioned that the Er-YAG laser does not significantly affect the mineral composition of dental enamel, 19 but no study has evaluated photon interaction parameters of glazedlithium disilicate ceramics after Er:YAG or Nd:YAG laser treatment.
Nd:YAG dental lasers emit light in the infrared spectrum with k ¼ 1064 nm and, like any energy transfer in the infrared spectrum, heat transfer occurs on the surface of the irradiated object. Depending on the power of the laser and the surface quality, depth of penetration can vary. When the laser is applied to dentin, melting of the hydroxyapatite and closure or complete obliteration of the dentinal tubules occur. 20 Exposure to Nd:YAG laser energy, even for a short time, leads to a glazed, melted, resolidified surface and sometimes even by the formation of globules and cracks. 21 These changes were seen on the surface of the irradiated samples in this study, with visible cracks, melting, and resolidifying. With increased laser energy, craters surrounded by globules of erupted glaze appeared on the surface. As the glaze firing temperature is 8408C, it can be assumed that energy transfers at the sample surfaces produced temperatures higher than that.
The idea of this study was to evaluate surface quality prior to bracket bonding. Compared with the surface of the control samples that were treated with HF acid, the Nd:YAG group samples showed a visually different surface. On the SEM images, there was little sign of surface roughening, which would increase the surface area and facilitate better bracket bonding. This conclusion is at odds with the findings of Poosti et al., who stated that the surface was adequate for orthodontic bonding. 6 Moreover, the introduction of surface cracks could lead to fracture propagation deeper in the ceramic material and not only debonding, but also chipping and possibly restoration failure and the need for replacement. Akpinar et al. also showed shear bond strength levels that were not adequate for clinical application when using a Nd:YAG laser at 4 W. 5 However, both findings are based on visual observations of SEM images, so that further studies investigating surface roughness using confocal microscope analysis of depth 22 and bond strength should be conducted before conclusions can be drawn.
CONCLUSIONS
Within the limitations of this study, the following conclusions were made:
Neither Er:YAG nor Nd:YAG dental lasers exhibited adequate surface modification for orthodontic bonding on glazed-lithium disilicate dental ceramic samples compared with the control treated with 9.5% HF acid. Er:YAG laser showed no effect under any irradiation setting. With Er-YAG, as for Nd:YAG laser, increasing the energy settings resulted in cracking, melting and resolidifying of the surface glaze.
